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are readily assigned to the -y-methylene and mctliyl carbons by 
comparison with the iiQuid-phase spectrum. These resonances 
are only slightly shifted upon adsorption. The remdmng foar 
resonances arise from the two ct- and ^^methySene carbons^ from 
wmch we coTjciade that a least two types of chemically differott 
butyiamine spedes are present on the surface. 

The existence of well-resdved resonances demonstrates that 
if surface diffusion is occurring, then the rate is not comparable 
to the spinning rate (-3.2 kHz)-^^ Further, if site exchange is 
occurring, then the rate mast be slow compared to the chemi- 
cal-shift difference between the two species on the surface. 
Therefore, this spectrum is con:»stent with a picture whereby the 
mtrogen of the /a-bu'tylsuiine is firmly anchored to the surface. 
In all probability the system is executing rapid albeit limited 
angular difTusion about the bond axis connecting the surface to 
the Ditrogen, with the motiCMi of the alM chaujs inoeasing as one 
moves away from the surface. 

The appearance of four resonances m the region expected for 
the two or and jS carbons of the aiikyl group is consistent with there 
being two quite different sites available to the arnine. Two 
candidates are the classic Lewis and Bronsted sites. In order to 
check this possibility we obtained the CP-MAS ^^C spectra of 
two solid adducts of n-butylamine {Figure lb»o). Those resonances 
for the solid HCl adduct match closely to four of the resonances 
for th&suiface adsorbed species. Hie resonances coxrespondmg 
to the a and ^ carbons of the soEid BCI3 adduct are desMeled 
relative to the corresponding carbons within the HCI adduct but 
shielded relative to theanalt^ous carbons of the adsorbed aimne. 
Hence, we conclude that the most dcshielded set of resonances 
correspond to the «-butylamiBe which is attached to the surface 
via Lewis bonds to an aiuimnnm atom, ThsX the chemical shifts 
of this species are dcshiddcd relative to those of the BCl^ adduct 
wa attribute to the fad that the acid site in this surfece is a stronger 
Lewis acid than BCls. 

The breadtli of tlw? resonances for the at and P carbons may 
arise from several factors. An hnportant consideration for the 
a carbon is Oie presence of mtrogcn-l4 dipolar coupling. The fact 
that we do not observe **well-resoh?ed'' doubiets**^ for this carbon 
may be due hi part to the angular difftision of tbe mokcuie and/or 
the strength of the applied magnetic field relative to the nitro- 
gen- 1 4 quadrupolar coupling constant Perhaps of equal ino- 
portance to the line width is a heterogeneity of the acid sites on 
surface of the alumina. The presence of a distribution of site 
acidities would lead to a conespondhig distribution of chemical 
shifts and hence appear as a line-broadening naechanism. 

In snrnnm^', it is clearly evident that ^^C NMR spectroscopy 
in conjunction with CP-MAS methods can be used to probe the 
mteractions between sniall molecules and surfiaces even when the 
surface is of moderately low specific area. Compared to other 
spectroscopies carbon-13 CP-MAS NMR spectroscopy appears 
to provide a fadle method to distinguish between different types 
of surface bonding sites and their relative acidity. Within the 
fimitations of cross-polarization dynamics the relative populations 
of these sites can be quantified. 



{10) The T-aiumitia (SA = 220 mVg) «npJoyea tn this suidy was pre- 
treated at 350 °C in vacuum. The w-butylarninc was iaW dowa oti the surface 
by using eatrainment in a. hcUiim How, The basis of a weight increase of 
approximatciy 0-5%. the isurracc *x)VGrcd by the butyiacnine is estimated to 
be 10 xfiVg or rouehiy one-twenlieth of a mcinolayer. Operating under a aty 
nkrogen atmosphere the granular aiununa samjSe was packed into an alu- 
minum oxide NMR rotor, . . . , ..s.v 

(11) Aft important expcn'mentai difficulty that had to bcovs-came with 
these relatively dilute sampies (typically 40 raM in amine based on 
volume of the NMR rotor) was the carboft background isignaJ from the NAUl 
probe. Wc accompJisbed this using sampte machmed from, aluaainum oxi«ie 
and i slator from Macar. Tae DelriR end caps of the rotor leave a sraaU signal 
at 90 pom which we use lor reference. „ , . , 

(12) (a) Brott^R, T, D, Pd. a Thesis. UmvefsHy VtsiQ. 1965. (b) 
Slothcrs, J. B. "Carbon-i3 NMR Spectroscopy^'; Academic Press; New Yatk. 

^^0^3) htoicq. M. M.; Waugh. J, S, X Cktm. Phys, 191% 7Q, 3300. 

(14) (a) Hfixem, J, Ga Frey, M. H.; Opellti, S J. J, Am, ChenuSoc. im 
m 224 fb) Frey, M. H.; Opella, S. J. J. Chem, Soc, Chem. Commun. 
474! (c) Oroairibridgc, C. J.; Hards. R. K.: Patter, K. U Say. B. i-; Tanner. 
S. f . X Chem. Sce^ Oiem, Commun. 1980, 174, 
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The comDles photochemistry of 7-dehydrociiolesterol (7-DHC) 
and crgosterol {E) is now moderately weE undecstooc due, in krge 
part» to the elegant studies of Havinga and co-workers J Tabb 
I Shows how the distribution of products depends on photolyzing 
wavdength.*^ Photolysis in the range 270-310 nm gives relatively 
high yields of previtamui D (F); shorter wavelengths lead to a 
predominance of tachysterol (T) and longer wavelengths to lum- 
isterol (L).*^ The interrelations between the various jproducts 
are shown in Figure 1, » . . 

Using laser photolysis, we have confirmed the mam aspecte ol 
the dependence of the product array on wavelength and have gone 
further by demonstrating that by a two-stage photolysis we can 
"engineer'' a desirable product distribution wilh improved yields. 
This approach may offer an attractive alternative to the com- 
merdal method of vitamin D production, which requires a number 
of fractional crystallizations.^^ 

Photolysis at KrF (24S nin) and XeCl {308 nm) wavelengths 
was carried out with an excimer laser (Lumonics Research Lim- 
ited, Model 861), which gives average powers in the L-IO-W range. 
Photolysis at 337 nm used a nitrogen laser (Molectrou, Model 
UV 1000) with an average power of 0.2 W wbik at 353 nm a 
YAG laser (Molecrtron, Model MY 34) with an average power 
of 0 4 W was used- The reaction mixtures were analyzed by 
high-performance LC** (Varian 8500) on a silica Si-5 column (5 

(!) K£jevoet. A. L,; V«loop. A.; Havrnga, E, li^cL Trav, Chim, tiiys-Bus 
1955 74 78S 

(2) Ycrloop, A,; Koeraet, A. Havinga. B. J^cl Trem, Chitn. Pays-Bos 

^^S) Havingl H.; dc^ Kock, R. L: KaRwIdt, M. K Tetrahedron Ji. 
276 

(4) Rappoldt, M. P.; Ktsverling Buisman, i. A.; Havbiga, E. Reel Trast. 
Chim. FayS'Sas 1958, 77, 327. 

(5) Rappoldt, M. P. Reel Trdt?. ChIm, Pays-Bjs tm, 392 

^° a) Havritiga, E.; Kwvoct. A- L; Verloop, A. HbcL Trati. Chim. Fcys^Bas 
I9S5, 74 1230. 

C8> Havinga., E. Chimia 1976» iO, 27^ . ^ l 

{>) Boosma, P.; Jacobs, H. J. C; Haviiis&, E.; Van der A. retrah^" 
droti Un. 7, All- ^ . , 

1 10) (a> Although the composition of the photostatiOnary state ceporte<i 
in Table Irafere to the photoiysis of crgcBteroU we beheve that u iS fair to 
compare >*ith tke^photolysisof 7-DBCl«causeaf thectan^ 

Ym PFoertner, £: Weber, J- R Heh. Chim^ Acta I&IX 5^. 92L 
{131 Pfcertncr, K. ffelb\ Chim. Acta 1972, 55, ^37. .„ , 

(14) Yakhimovich, R. E.; Vendl, V. P.; Bogiisiavkii, V, A^ Prikl Bi^khlm. 

(15) Bharucha, K- R,; h?iartln. F. M, French Pateat 1378 122, 1964. 

(16) Havinga, E. Sxperieniia 1973, IISK 

(17) The cis-trans iSDmcrization of the C^^? double bond "Can be hro^gj 
about by triplel sensitization'"'''' to give a photostaiioasry state (80% P^: 20% 
Ts). 
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Figure I. 

Table h Corapositsoit of the Phofiostationary State at 
Vjarious Wavelengths 
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"T-DHC. ^Tj- «^L,. «cfif-D,. ^?hotoiyzed to a 

photostatxonaiy state at 248 nm aiwl tiiien phOto]yze4 at tfce sec- 
ond wavelecgtii. Becau&eot'thclajigphotoi^sis timfis (S^ iniiiat 
337 nm and ISO min at 353 nm), complete pfiotcequilibrhjm 

might not have been attained. ^ A better separation between 
and is obtained when a ituxture of n-bexane and nramyl alco- 
hol (0.3%} is used as eiuent, (M- ^- Rappoldt, personal communis 
cation)- 

iLtm) at 21 flow rate of 0.5 cnx^ mivr^ under an operating pressure 
of 90 atm. The etQent used was 70:30:2 chloroform-bexarte-elhyl 
acetate and the compounds. were identified by UV monitorins at 
282 nm. The rektxve concentration was caicuiated from relative 
are:; after allowance was niade for extinction coefficient at the 
monitoring wavelength. 



(18) Byley, S. C; Williams, D. K. J. Chem.SoCr Chem, Commun, 1975, 

{19) Snoaren, A. E. C; Daha, R.; Lugtenbury, J.; Havinga, E, Red. 
Trov, Chim- Pays-Bas 1970, 89, 26 L 

{20) The same product sequeuc^t was obtained on a stHca gel TLC plate 
eluted with ifie LCdueut (Pj, J?/0.36; T3, /?rO:i4; 7-DHC i2/0.15; cEs^Dj, 



7~DHC,R 




Hicj pbotoproduct yields we observe in single- wavelengtb 
photolysis are included in Table 1 and agree with tke general 
features previously established. Irradiation at 24S nm of a 6.4 
X 10-^ M solution of 7-DHC in Oz-free diethyl ether (0 *C) 
distilled from benzophenone ketyl gives a <:»nycrsioii of about 96% 
(15 W*oiin incident) with L3 below our limits of detecrion. This 
agrees viilh the results of Pfoertner,^^*^ who found that a soh\tioB 
of ergosteroi irradiated at 254 nm ^^ve only T2. Siaiilariy. the 
observati<»is at 30S nm agree with those of YaMiimowch et ai,^*^ 
who, using a lamp with maxinaum output at 302-305 nm, showed 
it TOS posabie to mimmize the amount of T^ when tho conversion 
of 7-DHC is kept to 40-^5%. The yields of Ts and L3 after 
248-nin photolysis support the scheme proposed by Havinga,^* 
where, of the, three possible photoproducts from previtainin 
(T2, E, and L2), ody ba« a significant forward quantum yield 
whereas the other two have high reverse quantum yields. 

Significant improvement in ovcraU yield and decrease in 
side-product contamination is possible by two-stage laser photo- 
lysis. Taking the mixture produced by photolysis with the KrF 
laser at 24S nm (25.S% P 7 1 3% T3, 2-9% 7-DHC), photolysis 
with an laser (14 W-mirs, 337 nm, at room temperature) 
isomerizes to previtarnin (79.8% P3, 1.5% T^, 7-DHC 
9.8% £3). At this wavelength a small amount of #3 is photolyzed 
back to 7-DHC and L3. A series of weak absorption bands of 
the dZc triene (Pj) which occur around 337 nm (<f 60} may account 
for the cycJoaddition reactions P3 7-DHC ^nd Pj L^. 

At longer wavelength T3 is the only compound having appre- 
ciable absorption {t 175 at 350 nna) and the £ — Zisomerization 
of the Q5.7 double bond of the cEc triene ff^) should be die only 
photor^ction tekicg place, indeed room- temperature photolysis 
with the third harmonic of a Y AG laser smoothly converts T3 to 
Pj with minimization of the ring closure £0 7-DHC and L3 {P3 
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"^'^1%^% 7-DHC 0,1%, 

Thus by two-sta^e photolysis using narrow spectrai width laser 
sources it is possible to greatly reducx or eIimiEiat& corapedng 
photorcactions leading to photoequIUbria of compiss composition 
and to have high conoersion of 7-DHC (>90%) to P3 with very 
tow fmal ^fiftlds of T3 and 

Acknowledgmettt. We wish to express our thanks to Drs. N. 
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of tachysterols 4-!nethyl-3,5-<^initrobeTizoate, iumistero^, and 
lumisterolx were generous z^ts of Dr. K. Pfoertner (Hoffmann-La 
Roche & Co. Ltd, Basd, CH-) and Dr. NL P. Rap^tdt (Di^jhar 
Co., Weesp, RL.). ' 



Spinmng Near the Magic Angtei A Meaos of Obtaining 
First-Order Bipolar ^^MR Spectra of Molecules 
Dissolved in Nema^k Liqifiti Crystals 
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Cheniical applications of the dipolar NMR spectra obtained 
from molecules dissolved in ncmatic cxystaLs are limited by the 
difficulty of solving the complicated multispm second-otdct 
pauerns whicb anse from th& large values of the partially averaged 
dipolar interactions. A$ a consequence the only spectra which 
have been interpreted hav« been those from molecules either with 
a small number of resonating nuclei or with high symmetry. Large 
or nonsymmetrical moiecules have not been successfully studied 
with this otherwise powerM metJiod of determuimg the molojulax 
geometry. 

This commanicafcion reports a technique which obtains first- 
order spectra fpom such systems by redudng the averaged dipoie 
coupiing by any factor up'to 100, Such reduction is aecompiished 
by nialdng the angle a between the cematlc director and the 
magnetic field any value between 0*" and the magic angle, 54,73°^, 
at which point the averaged dipole interaction is null. This is 
accomplished by spinning the sample at a moderate speed (ca. 
50 Bz) about an axis which makes an angle less than the magic 
angle .with the magnetic field.. The director aligns along the 
spinning axis instead of along the magnetic field If the rate of 
spisiuing exceeds the rate of director reorientation. Li£v.rge re- 
ductions In the dipole interaction are obtained as a approach^ 
the magic angle. When the director of the liquid Crystal is aligned 
at an angle a with ehe magnetic field all the tensor contributions 
(eg., the dipoler-dipoic interaction^ the chemical shift anisotropy, 
the anisotropy of the scalar spin -spin coupling, and the quadru- 
polar coupling for nuclei with spins greater than V^) 
Eamlltouian are ceduced^*^ by a factor R ^ (l/2)(3 cos^ a- 1). 

Previous attempts to orient the director of a nematic liquid 
crystal at a variable angle froin the magnetic field have not 
successfully approached the magic angle. The use of electric 
rields^'"^ apparently presents serious technical problems which have 
limited their utility to values of a near 0 and 90''. Spinnirig the 
sample below a critical rotation rate around an axis perpendicular 
to the cnagnetLc field has also been used to change the director 



^Pertwaitent address: Labomtoirc de Chimic Orgaiiiqutf SirucBurak, 
Utaivetsitc Piwis Sud, 9i40S Otsay, Ftanca, 

CD Snyder. L C. /. Chem, Phys, 1965. -^i, 4041. 

iZy Emslcy, S, Lyndon. X C, In *^KMR Using' liquid Ccystel 
Solvents**: Pergamon Press: Oxfor^l, Chapter 9, 

(3) dcOennes, K G, "The Physics of Liquid Crystals"; Pcrgamon Press: 
Oxford, 1974. 

-(4> Dltthl P.; Kh«trapet C. ^tiiUerhak, H. P.; Lierthard, U,; Ntedcr- 
bitfgcr, W. J. MagiL Resoii. 1, 527, 
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Ttsm K spECtta of CFj«CFBr in liquid crystal as a lunctioji of the 
sutgie twtweea the aads of rotation and die magnetic field. Spuming rate 

orientadon^'^ from 0 to 45*" frpm the magnetic field,^ thus noissing 
the magic angle by almost 10'', Furthermore* at rotation speeds 
wMch should produce angles larger than 30*", the director is 
distributed in such a way that the Une widths become large. Ail 
previous work on rotating iiqnid crystals has used two particular 
orientations of the spinningaxis relative to the field, viz, 90° in 
classical ekctf omagnets and 6** m supecconducting tnagivstSM Thus, 
the very interesdng rcgion^about the magic angle and between 
these two limidng cases has been neglected. 

For this work a spinner has been constructed for lO-mm NMR 
tubes with a length of 23 mm. The sample spins at frequencies 
between 20 and 100 Hz around an axis which is horlzputaL The 
spinning axis oaay be rotated around the vertical so as to make 
any angle with the horizontal magnetic field of our wide-gap 
electromagnet. 

Fluorine- 19 spectra, obtained at 75.25 MlHz pu trifluoro- 
bromoethyieae dissolved in the liqyid crystal p-pehtyiphenyl ? 
^loro-4-0?-peiitylbeniZoylOxy)benzoate are shown m Figure L 
is quite apparent that a second-order spectrum of the ABC ' 
is obtained wheii spinning the sample parallel to the field. - 
spinning about an axis which is 3" less than the magic ar 
spectrum iS clearly of the AMX type. The couplings ar^ 
dominated by the large dipolar terms, but they are now 
with the scalar interactions, Note that resolution ir. 
the sample Is oriented closer to the magic an^e. V 
than the magic an^c, a new pattern Js observed, 
the du-ector of th& liquid arystal no longer readme 
steady state but instead distributes in the plane ^ 
the spinning axis- The result is a frequency mod; 



(3) Carr, S. O.: tuckhurst, C Poipkc. R. and Sr 

(6) Bmaley, X V/.; Lyiuian, J. C; lUtdchureU G. R,r F 
Utu 1^73. 19, 345. 



0002-7863 /8 1 / l503-67S3S0i .25/0 © 198 i American Chemical Society 



J. Org. Chem. 1983, 48, 3477-3483 



3477 



respectively) had to be reinjected. 

(23J2,24JB )-4a,23,24-Trim«thyl-5tf-chole8taii-3/?-ol (la): 
high-resolution MS (70 eV, probe), m/z (assignment, relative 
intensity) 430.4179 (CgoHwO, M^, 22), 415.3941 (C^HgiO, 16), 
412.4089 (C30H62. 6), 397.3844 (C29H49, 15), 341.3194 (C25H41, 3), 
303.3067 (C22H39, 2), 299.2746 (C22H36, 2), 290.2988 (C21H38. 7), 
271.2433 (C20H31, 8), 262.2300 (CxgHso, 8), 247.2056 (C^H^^O, 38), 
229.1957 (Ci^Hag, 57), 179.1432 (CigHiA 38), 98.1094 (C7H14, 100). 

(23S,24J?)-23,24-Dimethyl-6a-choiestan-3/?-ol (2b): high- 
resolution MS (70 eV, probe), m/z (assigmnent, relative intensity) 
416.4019 (C29H62O, M-", 33), 401.3761 (C2BH49O, 17), 398.3946 
(C29H50, 9), 383.3683 (C2gH47. 13), 359.3289 (C26H430, 4), 344.3456 
(C26H44, 4), 327.3048 (Ca4H89, 4), 317.2867 (C22H370, 3), 290,2978 
(C21H38, 6), 286.2584 (CatHaa, 5), 257.2268 (C19H29, 14). 248.2140 
(C17H28O, 11), 233.1904 (C16K25O, 64), 216.1802 (CieHga. 74), 
165.1275 (CiiHitO, 42), 98.1091 (C7H14, 100). 

(23i2,2412)-4a,23,24'TpiniethyI-5<»-chole«tan-3-one (6a): 
high-resolution MS (70 eV, probe), m/z (assignment, relative 
intensity) 428.4029 (CaoHjaO, M*, 26), 413.3791 {C^O, 14), 357 
(3), 331.2992 (CaaHggO, 16), 316.2695 (CssKgsO, 3), 287.2377 
(CaoHaiO, 6), 269.2286 (CaoKs^, 2), 260.2134 (CigHasO, 13), 245.1901 
(C17H2SO1, 100), 231.1743 (CieHasO, 23), 177.1641 (CiaHa, 3), 
177.1278 (CisHx^O, 21), 98.1092 (C^Hu. 77). 
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Dye-sensitized photooxidation of vitamin D and the chemical reactions of the resulting oxidation products 
have been studied in detail Vitamin B undergoes 1,4-cycioaddition and ene-type reactions with singlet oxygen 
to yield two C(6) epimers of 6,19-epidioxyvitamin D (3 and 4) as the major products (55^5% total isolated yields) 
and two C(6) epimers of the A* '^'io^i*> 6-hydroperoxide (5 and 6) as the minor products (15-25% total yields). 
The structures of the oxidation products are determined unambiguously by spectral data in combination with 
X-ray analysis. The chemical behavior of the endoperoxides 3 and 4 is examined xn the reactions with basic 
reagents, Lewis axid proton acids, transiiion-metal complexes, and reducing agents. 



As a part of our studies^ of the chemistry of the conju- 
gated triene group of vitamin D, which is believed to play 
an important role in the biological activity of the vitamin,* 
we have been investigating the oxidation of the triene 
group. The oxidation is of interest not only from the 
chemical but also from the biological point of view, because 

(1) (a) Yamada, S.; Nakayama, K.; Takayama, H. Tetrahedron Lett, 
4895. (b) Yamada, S.; Takayama, K. Chem, Lett. 1979, 583. (c) 

Yamada, S.; Nakayama, K.; Takayama, H.j Itai, A.; litaka, Y. Chem. 
Pharm. Bull. 1979, 27, 1949. (d) Yamada, S.; Suauki, T.; Takayama, H. 
Tetrahedron Lett. 22, 

(2) DeLuca, K. P.; Schnoes, H. K. Anna. Rev. Biochem. 197S, 45, 631. 



vitamin D apparently undergoes biological oxidation at the 
unsaturated part,^ as unsaturated fatty acids do in the 
well-known biosjnithesis of prostaglandins and leucotri- 
enes.'^ Seeming to support this possibility is the recent 



(3) Although many vitamin D metabolites were identified, the only one 
with an altered tiien© structure was 19-nor-7,8-epoxy-26-hydroxy-10- 
oxovitamin D^; DeLuca, H. P.; Schnoes, H. K.; Tanaka, Y. U.S. Patent 
4229 359,1980. „ , 

(4) SamuelBSon, B.; Granstrdm, E.; Green, K.; Hamberg, M.; 
Hammaratrom, S. Anna, Rev. Biochem. 1975, 44, 669. Samuelsson, B,; 
Goldyne, M.; Granstrdm, E.; Hamberg, M,; Hammarstrdm, S.; Maim&ten, 
C. Ibid. 197g, 47, 997. Samuellsson, B. Pure AppL Chem. 1981, 53, 1203. 
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Table I. Photooxidation of Vitamin (la) and (lb) 



entry 


substrate 
(mg) 


solvent (mL) 


sensitizffl'^ 
(mg) 


tltne^ 
h 


3 


product isolated yield, % 
4 5 


6 


1 


la (100) 


EtOH (100) 


RB (100) 


a 


26 


29 


11 


7 


2 


la (100) 


(100) 


RB (100) 


0.6 


29 


22 


11 


7 


3 


18(100) 


acetone (100) 


RB (100) 


1.5 


28 


28 


11 


7 


4 


la (100) 


EtOH-benzene 


RB (100) 


0.6 


34 


30 


12 


9 






(10:90) 














5 


la (1000) 


EtOH-benzene 


RB (200) 


1.5 


33 


31 


13 


9 






(20:180) 














6 


la (100) 


CHjClj (100) 


TPP (6) 


0.8 


19 


18 


± 


+ 


7 


la (100) 


acetone (100) 


TPP(5) 


3 


21 


26 


± 


+ 


8 


lb (100) 


EtOH (100) 


RB (100) 


3 


25 


28 


10 


7 


9 


lb (1000) 


EtOH-benzene 


RB (200) 


2 


31 


34 


14 


10 






(20:180) 















^ The abbreviations used are as follows: RB, Rose Bengal; TPP, tetraphenylporphine. 



discovery of the receptor protein of the active metabolite 
of vitamin 1,25-dikydroxyvitamin D^^ in human mye- 
loid leukemia cells where lipoxygenase and singlet oa^gen 
are known to be highly active.^ The oxidation of vitamin 
D with singlet ox^en is of particuiar interest because the 
action of lipoxygenases resembles that of singlet oxygen 
and also because singlet oaygen is believed to be involved 
in some cases in peroxklation of lipids in vivo*'' However, 
oxidation of vitamin D with singlet oxygen or with other 
oxidants has received little attention.^ 

Recently we reported the preliminary results of dye- 
sensitized photooxidation of vitamin D and the successful 
isolation of the vitamin D-singlet oxygen adducts 3 and 
4.^ It has edso been found^ tiiat the vitamin Dg-singlet 
oxygen adducts 3a and 4a are significantly active in in- 
tratinal calcium transport and in the elevation of serum 
calcium and phosphophate levels in vitamin D deficient 
animals. Now we studied the photooxidation of vitamin 
D in more detail and found that vitamin D undergoes an 
ene-l^e reaction with singlet oxygen in addition to the 
1,4-cycloaddition reaction. We have also studied the 
chemical reactivity of the vitanun D 6,19-epidioxides 3 and 
4 and found interesting reactions. Here we report the 
results in detail. 

Besults and DIscaaslon 

Fhotoosddation. Photooxidation of vitamin D3 and 
(la and lb) was examined in various solvents by using 
Rose Bengal (RB) and tetraphenylporphine (TPP) as 
sensitizers. The oxidation was terminated when almost 
all of the starting vitamin was consumed^ The results are 
summarized in Table I. Vitamin D underwent both 1,4- 
cycloaddition and ene-type reactions with singlet oxygen 
at the conjugated triene part 1^4-Cycloaddition at the 5-cis 
diene part was the major oxidation pathway, giving rise 
to the two isomeric endoperoxides 3 and 4 in 55-^5% total 
isolated yields (Scheme I). When RB was used as the 
sensitizer^ hydroperoxides 5 and 6 were obtained as a r^ult 
of the ene-type reaction of singlet oxygen. The ene reac- 
tion occurred regioselectively at the trisubstituted 5(6) 



(5) Abe, E.; Miyaura» C; Sakegaml, H.; Takeda, M.; Konno, K; Ya- 
mazaki, T.; Yoshiki, S.; Suda, T. Proc. Natl Acad. ScL U.S.A. i»8i, 78, 
4990. Miyauia, C; Abe, E.; Kuribayaahi, T.; Tanaka, H.; Konno, K.; 
Nishu. Y.; Suda. T. Biochem. Biophys. Res, Commun, 1981, 102, 937. 
Taiiaka» H.; Abe, El; Miyaura, C; Kuribayaahi, T.; Koimo» K.; Niahii* Y.; 
Suda, T. Biochem. J. 19S2, 204, 713. 

(0) Krinsky, N, I. Science (Washington, D.C.) 1974, 186, 363. 

(7) Pederaon, T. C; Aust, S. D. Biochim. Biophys. Acta 1975, 385, 232* 
Kellogg, R W.; Pridovicii, I. J. Biol. Ghent. 1975. 260, 8812. Ped«raoii, 
T. C; Aust, S. D. Biochem. Biophys. Res. Commun. 1975, S2, 1071. 

(8) Bland, J.; Craney, B. Tetrahedron Lett, 1974, 4041. 

<9) Monucbi, S4 Tauniki, F.; Ohtawaza, Y*; Hok^ N.; Yamada, S.; 
Nakayama, K.; Takayama, H. J. Nutr. ScL VitaminoL 1979, 25, 456. 



Scheme I 




double bond, abstracting the allylic proton at C(4) to yield 
the two C{6) epimers of the A''»'''^^^^> 6-hydroperoside, S 
and 6> in 16-25% total yields. These hydroperojddes could 
not be isolated from the oxidation products by using TPP 
as the sensitizer^ but the formaticm was detected on TLC 
among a number of by products with similar polarity. The 
rate of photooxidation depended on the reaction condi- 
tions^ especially the kind of solvent used which may affect 
the lifetime of the singlet ox^^en. However, the ratios of 
the two types of products were little affected by the nature 
of the solvent. With the same conditions imder an at- 
mosphere of oxygen-free inert gas, cb-^ans isomerization 
of the 5(6) double bond occurred in the starting vitamin 
D, yielding an equilibrium mixture of 1 and the 5,6-trans 
isomer (2), as reported.^^ Since the isomerization is faster 
than the oxidation, it is clear that the oxidation products 
are derived from both vitamin D isomers 1 and 2 m a 
photoequilibrium state. 

Characterization of the PhotooxidatioiL Products. 
The structures of the mc^or products 3 and 4 were de- 
termined by spectral analysis to be the C(6) epimers of the 
dioxygen adducts of the starting vitamin D at the s-cis 
diene part (Table 11). The mass spectra and elemental 
analysis corroborate the molecular composition. The UV 
spectra show no absorption maximum above 220 nm, in- 
dicating the absence of a conjugated double bond. The 
NMR spectra exhibit the resonances of the C(19) 
protons as an AB quartet or a broad singlet at 6 4.0-4.7 
and the resonances of the protons at C(6) and C(7) as a 
pair of doublets at 6 4.7-5.4. The ^^C NMR spectra in- 
dicate foiu* sp^ carbons, besides those of the side-chain 



(10) Gielen, J. W. J.; Koolstn, R. R; Jacobs, H, J. C; Havinga, E. Red. 
Trav. Chim. Paya-Baa 1080, 98^ 306. 
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Table 11. 



Spectzai I>ftta of Vitamin & !|^^doperoxides 3 and 4 



*H NMR,^ 6 (multiplicity, J in Hz) 



m^iaf & (tnuHiplicity) 



compd 


H-6 and H-T 




H-19 


C-5 and C-10 


C-7 


C-8 


C'3 


C-6 


C-19 


nm (A^) 


3a 


4.88 


5.17 




4.36 (br s) 


125.7 


125.7 


115.6 


148.1 


65.9 


76.9 


72.2 


207 (-23.3) 




(d, 10) 


{d. 


10) 


(s) 


is) 


(d) 


(s) 


<d) 


(d) 


(t) 


215 (+6.5) 


4a 


4.76 


5.23 


4.17 (d, 16), 


126.8 


125.7 


114.5 


149.2 


67.2 


76.8 


72.0 




(d, 9) 


(d. 


9) 


4.60 (d, 16) 


(s) 


(s) 


(d) 


(5) 


id) 


(d) 


(t) 


210 (-17.7) 


3b 


4.85 


6.12 


4.36 (bra) 


125.8 


125.8 


115.5 


148.3 


66.1 


76.9 


72.2 




(d. 9) 


(d, 


9) 


<s) 


(s) 


(d) 


(8) 


(d> 


(d) 


(t) 


211 (+11.3) 


4b 


4.73 


5.18 


4.08 (d, 16), 


126.7 


125.8 


114.6 


149.3 


67.5 


77.0 


72.1 




(d, 10) 


id, 


10) 


4.48 (d, 16) 




<s) 


<d) 


(s) 


(d) 


(d) 


(t) 


211 (-11.5), 


3c 


4.88 


5.32 




4.30 (d, 15), 


125.9 


125.4 


114.9 


148.9 


69.0 


76.7 


72.1 




(d, 10) 


(d, 


10) 


4.56 (d, 15) 


(s) 


(s) 


(d) 


(s) 


(d) 


id) 


(t) 


227 (+5.7) 


4c 


4.78 


5.30 


4.21 <d, 16), 


126.3 


125.9 


114.3 


149.6 


70.6 


76.8 


72.0 


206 (+7.7), 




(d, 10) 


<d. 


10) 


4,63 (d, 16) 


(s) 


<») 


(d) 


(«) 


<d) 


(d) 


(t) 


219 ( + 5.8) 


« CDCla as the solvent. 


* Hexane as the solvent. 






















Table Ul. Spectral Data of Hydxoperoxides and {telated Compounds 







»H NMR « (midtipUcity, Jin Hz) 



compd H3-I8 



H-10 



H-6 and H~7 



H-4 



MS, m/e nm 



5a 


0.52 (s) 


4.96 (fors) 


5.13 (brs) 


5.00 (d, 9) 


5.54 (d, 9) 


6.02 (m) 


6a 


0.60 (s) 


4.96 (brs) 


5.12 (brs) 


5.00 id, 9) 


5.53 (d, 9) 


6.04 (m) 


6b 


0.52 (s) 


4.97 (br s) 


6.0- 


-5.4^ 


5.54 (d, 8) 


6.04 (m) 


6b 


0.61 (a) 


4.95 (bra) 


4.9- 


-5-3* 


5.50 (d, 8) 


6.04 (m) 


7a 


0.50 (a) 


4.94 (br a) 


6.06 (bra) 


5.10 (d, 8) 


5.30 (d» 8) 


6.12 (m) 


8a 


0.60 (a) 


4.90 (brs) 


5.00 (br s) 


5.04 (d, 8) 


5.24 id, 8) 


6.05 (m) 



416, 400, 

398, 382 
416, 400, 

398, 382 
428. 412, 

410, 394 
428, 412, 

410, 394 
400, 382. 

364 
400, 382, 

364 



232 

232.5 

235 

234 

234.5 

234.5 



« CDCI3 aa the K>lvent. * 95% EtOK as the aolvent. * 'Hie signals are aupertmposed by the algnsOs of H-22 and H-23. 
carbons in the vitamin D2 derivatives 3b and 4b, and three 



carbons adjacent to an oxygen atom. The stereo- 
chemistry of the peroxides 3 and 4 at C(6) was determined 
by X-ray analysis in collaboration witli the CD spectra. 
AlthcAigh the pair of epimeric peroxides 3 and 4 show quite 
similar properties in l^e spectra described so far, they show 
contrasting behavior in their GD spectra (Table 11). While 
the epimer 3 shows a negative Cotton effect around 210 
nm, due to the homoconjugated double bond, the other 
isomer, 4, shows a positive Cotton effect at the same 
wavelength region. This indicates that the configuration 
at C(6) has a pronounced effect on the sign of the Cotton 
effect and that the latter is related to the chirality of these 
homoconjugated systems. The stereochemistry of crys- 
talline benzoate 3e of vitamin D2 endoperoxide 3b was 
determhied by single-crystal X-ray analysis.**^^^ The OR- 
TOP drawing of the structure of 3c (Figure 1) shows that 
3c has ihe SR configuration. Thus, it was established that 
around 210 nm the isomers 3b and Zc which show a n*^- 
ative Cotton effect have the 6i? configuration and that the 
other isomers 4b and 4c which show a positive Cotton 
effect have the 6S conjuration. The stereochemistry of 
the vitamin Dg endoperoxides 3a and 4a at C(6) was de- 
duced by comparing their CD spectre with those of the 
vitamin D2 derivatives 3b and 4b. 

The minor products 5 and 6 were determined by spectra! 
analysis and specific chemical reactions to have the 



(11) The crystals were monoclinic PZi with cell dimensioiw of a « 
16.753 b - 7-446 A, c « 13.572 A, and 0 » 111.4". Intestties were 
meaaux^d oa a Philips PWllOO four-circle di^racUxmei^ by ufling C« Kcs 
radiation mrniochfomated by a graphite plate, and 3144 iisdependeni <iftt« 
were used for the analysis. The struct are was elucidated by the direct 
xtfcethod with the program multan (Germain^ Main, P.; Woolfson, M, 
M. Acta Cryataltagr. Sect. A 1971, A27, 368). Positionai and thennaf 
parameters were r^iud by the laaai^quareB method to anR value of 
0.092. 





Fi|p»re 1. oirrBP drawing of 3c. 

structures of the C(6) epimers of the A'*'^ *^^»> 6-hydro- 
pero2cide (Table III). The mass spectra show a weak 
molecular ion, indicating the incorporation of two oxygen 
aton» in the molecule. The fragment ions characteristic 
f<^ hydbrc^roxidcss^^ ^pear at M^*- - O, M"^ - HgO, and 
- H2O2* By Woodward's ruie,*^ the absorption maximum 
in the UV spectra is in good agreement with that calculated 
for the chromophore of the assigned structures. The 
NMK spectara exhibit the resonance of the IS-methyi group 
in the normal region, indicating the absence of an 8(9) or 
8(14) double bond.^^ This excludes the alternative 
structures tl and 12. The NME spectra also exhibit 



(12) Lear, J. E.; Smith. L. L. J, Org. Chem, 36. 1007. Feiobeig, 
A. M; Nfikmsishi, K.; B«n»8nnrakl> J.; Rafftteki, A. J.; Augaatyniek, H.; 
WiewlorowBki, M, J. Am, Chem. Soc. l«74, 96, 7797. 

(13) Woodward, E. B. J. Am. Chem, Soc. mi, 63, 1123; 1942, 64, 72; 
1*42, 64, 76. 

(14) The chemicai shifte £or the lB*methyl group are indicative of the 
portion of the double bond at the C-rins; tiie na(^^ 

0.10, and 0.00 lor the A'', J!i^\ and A^^^ compounds^ respectively. 
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Scheme II 




b : Ac 



the resonances of the intact exocyclic methylene group at 
C(19) as a pair of broad singlets, the resonances of the 
protons at C(6) and C(7) as a pair of doublets, the reso- 
nance of a proton at C(4) in an olefinic proton region, and 
the resonance of H{3) which is shifted to lower field, in- 
dicating the presence of the 4(5) double bond. Reduction 
of the hydroperoxides 6a and 6a with triphenyiphosphine 
yielded the diois 7a and 8a, the structure of which was 
verified by the spectral data (Table III). The stereo- 
chemistry of the hydroperoxides 5 and 6 and the diols 7 
and 8 at C{6) was assigned by comparing their NMR 
spectra with those of the structxuraliy closely related (6i?)- 
and (6S)-triols 9 and 10 obtained from iSRh and (BS)- 
vitamin D3 endoperoxides 3a and 4a by reduction with 
LiAJHi (see below). In these 6-hydroxy and 6-hydrop«rosy 
derivatives the chemical shift of the 18-methyi group re- 
flects the stereochemistry at C(6); the resonances of 6jR 
isomers appear at a field higher than that of the 65 isomers 
by about 0.1 ppm. 

Reactions of Vitamm D Endoperoxides. The endo- 
peroxides 8 and 4 are thermally rather stable and are 
recovered unchanged even after refluxing m xylene for 
several hours, if the substrate and the solvent used are 
puriHed rigorously. However, they are sensitive to bases, 
acids, and transition-metal complexes. 

Beaction with Basic Reagents. On treatment with 
5% KOH in methanol at room temperature Sa was con- 
verted within 30 min to furan 15a (18%) and hemiacetai 
13a (69%, as a mixture of the C(19) epimers) (Scheme II). 
The structure of 15a was based on the spectral data. The 
mass spectrum showed a molecular ion at m/e 898. The 
UV spectrum showed characteristic absorption maxima 
due to the vinyl furan chromophore at 273 nm (log £ 4.20), 
283 (4.26), 295.5 (4.12). The NMR spectrum exhibited 
an aromatic proton on the furan ring at $ 7.15 as a singlet 
and a vinyl proton at 0(7) at 5 6,64 as a singlet. The 
structure of the hemiacetai 13a was determined on the 
basis of the spectral data [mass spectrum, m/e 416 (M**"); 
m NMR (acetone-de) S 0.81 (3 H, s, H-IB), 3.56-6.90 (6 
H. complex signal); IR (CHCI3) 3610, 3420, 2940 cm'^ and 
the following characteristics: (i) compound Ida was labile 
and dehydrated to give the furan 15a even on standing at 
room temperature in CDClg, probably due to the action 
of a trace of add in the CDCI3; (ii) on standing in ethanoi 
ISa was transformed into two isomeric acetals, less polar 
13b and more polar 13b', both of which in turn were 
converted quantitatively to the furan (16a) by refluxing 
in xylene; (iii) the spectral properties of the acetate 13b 
and 13b' were in good agreement with the assigned 
structure. The mass spectra of 13b and 13b' showed a 
molecular ion at m/e 444. The NMR spectra of 13b 
and 13b' showed the resonances of the ethoxy group [13b: 
^ l.ll(3H,t,eJ«7H2),3.46(2H, m). 13b': 5 1.12(3 
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Scheme III 




t, J 7 Hz), 3.51 (2 H, m)L the resonances of the 
protons at C(6) and C(7) as a pair of doublets [ISb: o 4.60 
(1 H, d, = 9 Hz), 6.36 (1 H, d, J - 9 Hz), 13b'r 6 4.76 
(1 H, d, J 9 Hz), 6.17 (i H, d, c/ = 9 Hz)], and the 
resonance of the acetal proton at C(19) as a singlet {13b, 
6 5.48; 13b^ 8 5.39). In this reaction, formation of the 
regioisomer of the hemiacetai 13a, hemiketal B, was not 
observed. The hemiketal B formed first probably was 
dehydrated to the furan 16a under the reaction conditions, 
since the hemiacetai i3a did not afford the furan ISa under 
the same reaction conditions, Keto-alcohol 16a, a pre- 
cursor of the hemiketal B, was trapped as acetate 16b 
when 3a was treated with acetic anhydride-pyridine (1:1, 
50 ^C); 3a yielded 15b (70%) and the ketone 16b (18%).^^ 
The transformation of the endoperoxide 3a to the furan 
15a and the hemiacetai 13a was also effected by the other 
basic reagents such as triethylamine (benzene, 80 **C), and 
CsP (DMF). The two C(6) epimers 3a and 4a showed little 
difference in their chemical behavior in the reactions ex- 
amined in the present studies. So only the reactions of 
the 6R isomer 3a will be discussed here as representative 
of both; the reactions of the 6S isomer are described in the 
Experimental Section. 

Reaction with Acidic Reagents. The reactions of the 
vitamin D endoperoxides 3 and 4 with acidic reagents, in 
which cleavage of the bond between C(6) and C(7) occurs, 
are rather unusual. Treatment of 3a with Lewis acids such 
as BFg-EtaO (benzene, room temperature) and ZnCia 
(xylene, 100 **C) produced aldehyde ITa in good yields 
(-^85%). The structue of 17a was deduced on the basis 
of the spectral data and some chemical reactions. The 
miass spectrum exhibited a moleciilar ion at m/e 278. The 

NMR spectrum exhibited an aldehyde proton at 5 9.99 
as a singlet. The IE spectrum showed an absorption of 
the carbonyl group at 1710 cm^^ The /S configuration of 
the formyl group was revealed by the fact that 17a was 
converted quantitatively to the thermodynamically more 
stable isomer 17b [^H NMR (CDCig) a 9.63 (1 H, d, J « 
8 Hz, CHO); IR (CHGig) 1720 cm'M under equiHbrium 
conditions (EtONa, EtOH). Proton acids effected a sknilar 
transformation. Thus, by treatment with HCl (MeOH, 0 
*C), 3a afforded acetal 17c (38%). The structure of 17c 
was based on the spectral data [mass spectrum^ m/e 324 
(M-*-); NMR (CDCI3) 6 3.38 (3 H, s, MeO), 3.40 (3 H, 
s, MeO), 4.06 (1 H, d, J = 4 Hz, acetal CH)] and on the 
fact that 17o was transformed quantitatively into the al- 
dehyde 17b by treatment with acidic aqueous acetone. The 
configuration of the acetal group was considered to be a 
(equatrial), since it was produced under thermodynamic 
conditions. The mechanism shown in Scheme HI is sug- 
gested for the reactions in acidic conditions.^® The ste- 



(15) The acetyl derivative of the hydroxy aldehyde A was not detected 
in the reaction of Sa (or ia) with acetic ajihydride-pyridine. The hydroxy 
aldehyde A probably underwent cyclization between the hydrosyl group 
at C(6) and the Id-fonnyl group and aubeequ^t dehydration to yield the 
furan 15, before it was acetylated at tiie sterically hindered 6-hydroaLyi 
group. 

(16) Products arising from the A-ring part could not be isolated from 
the reaction. 
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reoselective formation of the thermodynamically less stable 
iS-fonnyl derivative 17a in the Lewis acid catalyized reac- 
tions can be rationalized by assuming a kinetic protonation 
from the less hindered a aide of the molecule* 

Reactions with Transition-Metal Complexes. The 
reactions of endoperoxides catalyzed by transition-metal 
complexes have been investigated recently in connection 
with biological transformations.^*^ The cataijrtic reaction 
of vitamin D endoperoxides 3a and 4a was examined by 
using two types of tramition-metal complexes: a Co(II) 
complex which is capable of inducing the reaction via a 
one-electron redox process, and a Pd(0) complex which can 
act as a two-electron transfer reagent. Cobalt-tetra- 
phenylporphine (CoTPP) complex has been known to 
isomerize steri<»ily compressed bicycUc endoperoxides to 
diepoxides."® In the particular endoperoxide 3a this 
reagent was highly effective in transforming the peroxide 
exclusively to the hemiacetal 13a (CHaCla, -20 to -10 **C; 
75% yield). The high regioselectivity observed in this 
reaction is probably due to the selective formation of a 
metal complex at the less hindered ixsygBn atom bound to 
C{19). Pd(0) complex^"^ caused a similar transformation; 
on treatment with PdCPhaP)^ (benzene, reflux), 3a afforded 
13a (16%) and i5a (47%). These reactions probably 
proceed via the hydroxy enal (A) or the hydroxy enone 16a 
as an intermediate, as in the reaction with basic reagents 
(Scheme II). 

Reductions. The endoperoxides 3 and 4 were stable 
for mild reducing agents such as thioxirea,*^ NdBH4, and 
diimide^® and for catalytic hydrogenation. The peroxide 
3a was readily reduced by LiAlH4 (Et20, room tempera- 
ture) to triol 9 in good yield (70% ). The trio! 9 was labile 
and decomposed even with chromatography on a silica gel 
column. Purification of the triol 9 was achieved only by 
using gel chromatography (Sephadex LK-20). 

Experimental Section 

General Methods, Melting points were determined on a 
Yarmco micro melting point apparatus and are uncorrected. 
Infrared (IR) spectra were obtained on a Hitachi 215 spectro- 
photometer. Proton magnetic resonance (^H NMR) spectra were 
recorded with a Varian XL-100 spectrometer with tetran&ethyl- 
aiiane as an internal standard. Carbon magnetic resonance i^C 
NMR) spectra were recorded with a Varian XL-lOO spectrometer 
at 26.16 MHz with tetramethylsilane as an internal reference. 
Mass spectra (MS) were recorded with a JEOL JMS-D300 GS/MS 
Eostnm^t with an interfaced computer. Ultraviolet (UV) spectra 
were recorded with a Union Giken SM-401 spectrophotometer. 
Circular dichroism (CD) spectra were recorded with a JASCO 
J-20A spectropolarimeter. 

Photooxidation of Vitamin B Derivatives <la and lb), A 
solution of vitamin D (1) and a sensitizer was placed in an im- 
mersion vessel, purged with oxygen, and irradiated with a 
water-cooled 200-W halogen lamp (Ushio JCV 100-200GS). 
Oxygen was kept bubbling through the solution during the ir- 
radBation and the outside of Une vessel was cooled with an ice. 
The reaction was monitored by TLC and was terminated when 
almost all of the starting material was consumed. The solvent 
was evaporated, and the residue was dissolved in ethyl acetate, 
washed with brine, dried over Na2S04, and evaporated. The 
residue was chromatographed on silica gel with ethyl acetate- 
benzene (4:96) as the eiuent to afford (6S)-epidioxide 4, {6i?)- 
epidioside 3, and a mixture of the two epimeric hydroperoxides 



(17) (a) Boyd, J. D.; Foote, C. S.; Imagawa. D. K. J. Am. Chem. Soc. 
1980, 102, 3641. (b) Suauki, M,; Noyori, R.; Hamanaka, N. Ibid. 1981* 
103, 5606. (c) Suzuki, M.; Oda, Y.; Noyori, It Tetrahedron Lett. 1981, 
22, 4413. 

(18) Kaneko, C: Suglxnoto, A,; Tanaka, S. Synthesis 1974, 876. 

(19) Adam, W.; Eggelte, H. J, Angew. Chem,, Int. Ed. Engl. 1977, 16, 
713; J. Org. Chem. I97T, 42, 397a Adam, W.; Bioodworth, A J.j Eggelte, 
K. J.; Loveitt, M, E* Angew. Chem., Int. Ed. Engl. 1978, 17, 200. 
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5 aad 6, in this order. The two isomeric hydroperoxides 5 and 

6 were separated by using HPLC (Lichrosorb Si-60, 0.4 X 25 cm, 
i-PrOH-hexane 7:93) to give ies$ polar 6 and more polar 5. The 
results are summarized in Table I. 3a: high-resolution MS, 
C27H44O3 requires m/e 416.3290, found m/e 416.3306; MS, m/e 
416 (M-^), 398, 285; NMR (CDGI3) 5 0.56 (3 H, s, H-18), 4.07 
(lH,m,H-3). 4a; high-resolution MS, C27H44O3 requires m/e 
416.3290, found m/e 416.3270; MS, m/e 416 (M*^), 398, 285; 
NMR (CDCI3) B 0.57 (3 K, s, H-18), 3.93 (1 H, m, H-3), 5a: 
high-resolution MS, CarH^jOg requires m/e 416.3290, found m/e 
416.3276; NME (CDCI3) 5 4.42 (1 K, m, H-3), 7.86 (1 H, 8, OOH, 
D2O exchangeable); IR (CHCI3) 3350, 2950 cm-^ 6a: high-res- 
olution MS, C^7H4403 requires m/e 416.3290, found m/e 416.3280; 

NMR (CDCI3) a 4.43 (1 H, m, H'3), 8.08 (1 H, s, OOH, D2O 
exchangeable); IR (CHCI3) 3350, 2950 cm-\ 3b: high-resolution 
MS, C28H44OS requires m/e 428.3290, found m/e 428.3289; MS, 
m/e 428 (M**-), 410, 285; NMR (CDCI3) 5 0.55 (3 H, s, H-18), 
4.07 (1 H, m, H-3), 5.12 (2 H, m, H-22 and H-23), 4b: high- 
resolution MS, C28H44O3 requires m/e 428.3290, found m/e 
428.329S; MS, m/e 428 (M+), 410, 285; NMR (CDCI3) B 0.54 
(3 H, s, H-18), 3.78 (1 H, m, H-3), 5.12 (2 H, m, H-22 and H-23). 
5b: high-resolution MS, C23H44O3 requires m/e 428.3290, found 
m/e 428.3287; m NMR (CDCI3) & 4.43 (1 H, m, H-3), 7.96 (1 H, 
s, OOH, DgO exchangeable); IR (CHCI3) 3350, 2950 cm'K 6bi 
high-resolution MS, C28H44O3 requires m/e 428.3290, found m/e 
428.3289; NMR (CDCI3) 6 4.42 (1 H, m, H-3), 8.28 (1 H. s, OOH, 
DgO exchangeable); IR (CHCI3) 3350, 2950 cm"^. 

(6Ll?)'6,lS-Epidioxy-9,10-8ecoergosta-5(l0),7^2-trien-3^-yl 
Benzoate (3c). Benzoyl chloride (36 /uL, 0.31 mmol) was added 
to a solution of 3b (110 mg, 0.26 mmol) in pyridine (0.2 mh) at 
0 *C. After 30 mia, ice chips were added, and the mixture was 
extracted with ethyl acetate. The extract was washed with 
aqueous NaHCOg and water, dried over Na2S045 and evaporated. 
The residue was chromatographed on silica gel (6 g) with ethyl 
acetate-hexane (2:98) as the eiuent to yield 3c: 115 mg (84%); 
mp 132-133 •'C (from hexane); MS, m/e 532 (M"*"), 514, 392, 267; 
^H NMR (CDCI3) 6 0.59 (3 H, s, H-18), 0.82, 0.84, 0.92, and 1.02 
(each S H, d, e/ - 7 Hz, H-21, H-26, H»27, and H-28), 4.3 (1 H, 
d, J « 15 Hjz, H-19), 4.56 (1 H, d, «/ - 15 Hz, H-19), 4.88 (1 H, 
d, J = 10 Hz, H-6 or H-7), 6.18 (2 H, m, H-22 and H-23), 6.32 
(1 H, d, J - 10 Hz, H-7, or H-6), 5.4 (1 H, m, H-3), 7.3-7.6 (3 H, 
m, H~Ar], 8,01 (2 H, dd, J 8, 2 Hz, H-Ar); IR (KBr) 2960, 1710, 
1275, 710 cwrh UV max (95% EtOH) 227 nm Qog e 4.19); [<x]^n 
4-77.6* (c 0.69. CHCI3). Anal. Caicd for C36H48O4: C, 78.91; H, 
9.08. Found: C, 78.62; H, 9.01. 

(6Sr>-6,19-Epidioxy-9,10-8ecoergosta-5(l0),7,22-trien-3^~yl 
Benzoate (4c). In a similar manner, 4b (100 mg, 0.23 mmol) was 
converted to the benzoate 4cr 98 mg (79%) mp 126-127 (from 
hexane); MS, m/e 532 (M"^), 614, 392, 267; NMR (GDCI3) d 
0.59 (3 H, s, H.18), 0.83, 0.84, 0.92, and 1.03 (each 3 H, d, = 

7 Hz. H-21, K-26, H-27. and H-28), 4.21 (1 H. d, J - 16 Hz, H-19), 
4.63 (1 H, d, J ^ 16 Hz, H-19), 4.78 (1 H, d, J = 10 Hz, H-6 and 
H-7), 5,18 (2 H, m, H-22 and H.23), 5.25 (1 H, m, H-3), 6.30 (1 
H, d, J = 10 Hz, H-7 or H-6), 7.3-7.6 (3 H, m, H-Ar), 8.01 (2 H» 
dd, *; = 8. 2 Ha, H-Ar); IR (KBr) 2960, 1720, 1275, 710 cm"^; UV 
max (95% EtOH) 229 nm Cog e 4.18); [al*D "6-1° ic 0,54, CHCIs). 
Anal. Calcd for C35H<804: C, 78.91; H, 9.08. Found: 0.79.06; 
H 9.13. 

'(6i2>-9,t0-Secochol©sta-4,740(19)-triene-3^,6.diol (7a). A 
solution of 5a (10 mg, 2.4 X 10'^ mmol) and triphenylphoaphine 
(6.5 mg, 2.5 X 10"^ mmol) in henzene (600 mL) was stirred at room 
temperature for 20 min. The solvent was evaporated, and the 
residue was chromatographed on silica gel (3 g) with ethyl ace- 
tate-hexane (1:1) as the eiuent to afford dioi 7a: 8.3 mg (86%); 
high-resolution MS, C27H44O2 requires m/e 400.3341, found m/e 
400.3339; ^H NMR (CDCI3) 6 4.40 (1 H, m, H-3); IR (CHCI3) 3610, 
S400, 2960 em-\ 

(65)-940-Secocho!esta-4,7aO(19Hriene-3^,6-diol (8a). In 
a similar manner, 6a (8 mg, 1.9 X 10"^ mmol) was treated with 
triphenyl phosphine (5.2 mg, 2 x 10"^ mmol) to afford 8s: 6 mg 
(78%); high-resolution MS, C^7H4402 requires m/e 400.3341, found 
m/e 400.3324; NMR (CDCI3) & 4.38 (1 H, m, H-3); IR (CHCI3) 
3600, 3410, 2950 cm'^ 

Beaction of EndoperosEides Sa and 4a with Methanolie 
KOH, Peroxide 3a (55 mg, 1.3 X 10*^ mmol) was dissolved in 
5% methanoUc KOH (3 mL), and the solution was stored at room 
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temperature for 30 min. The mixture was diluted with CHsCIg, 
washed with brine, dried over Na^SOi, and evaporated. Chro- 
matography of the residue on siUca gel (5 g) with ethyl acetate- 
hexane (2:8) as the eluent gave furan I5a (9.5 mg, 18%). Further 
elution with ethyl acetate-hexane (8:2) afforded hemiacetai 13&: 
38 mg (69%); MS, m/e 416 (M*^), 398, 285, 191, 190, 151; NMR 
(acetone-dg) 5 0.61 (3 H, s. H-18) 3.56-5.90 (6 H, complex); IR 
(CHQa) 3610, 3420, 2940 cm'^ For 15a: MS, m/e 398 (M""), 285, 
191, 190, 151; NMR (acetone-ffg) B 0.62 (3 H, s, H-lS), 3.99 
(1 H, m, H-3), 5.64 (X H, s, H-7), 7.15 (1 H. H<19); IR (CHCI3) 
2940 cm-h UV max (95% EtOH) 273.5 nm (i<^ e 4-20), 283 (4.26). 
295,5 (4.12). 

In a similar manner, 4a (100 mg, 2.4 X 10"' mmoi) was 
transformed into 15a (18 mg, 19%) and i4E (71 mg, 71%) on 
treatment with 5% methanoiic KOH (5 mL). Ua: MS, m/e 416 
(M^), 398, 285, 191, 190, 151; NMR (acetone-dg) d 0.60 (3 H, 
s, H-18), 3.50-5.93 (6 H, complex). 

Hemiacetai I3a (30 mg) was dissolved in 6% methanoiic KOH 
(2 mL), and the solution was storied at room temperature for 30 
min. After a similar workup and chromatographic purification, 
27 mg (90%) of iSa was recovered unchanged. 

<$i?)-649 Epoxy-19 ethoxy-940-secocholestB-5<10)57-dien- 
3^-oi8 (13h and 13b'). HemiacetaJ 13a (40 mg, 9.6 X lOr^ mmol) 
was dissolved in EtOH, and the solution was stored at 3 °C for 

3 days and then at room temperature for 4 days. After evaporation 
of the solvent, the residue was purified by using HPLC (/t-Porasil, 
0.79 X 30 cm, 6:95 ?:-PrOH-hexane) to afford less polar 13b (22 
mg, 52%) and more polar 13b' (15 mg, 35%). 13b: MS, m/e 444 
(M+) 398, 285, 151: ^H NMR (acetone-dg) 6 0.60 (3 H, H-18), 
1.11 (3 H, t, J 7 Hz, EtO), 3.46 (2 H, m, EtO), 3.68 (1 H, d, J 
= 4.5 Hz, OH), 3.88 (1 H, m, H-3), 4.60 (1 H, d, J - 9 Hz, H-6 
or H-7), 5.36 (1 H, d, J = 9 Hz, H-7 or K-6), 5.48 (1 H, s, Ka9); 
IR (CHCI3) 3400, 2955 cm-^ I3b': MS, m/e 444 (M"*"), 398, 285, 
151; m NMR (acetone-c^e) ^ 0.60 (3 H, s, H-18), L12 (S H, t, J 
= 7 Hz, EtO), 3.51 (2 H, m, EtO), 3.70 (1 H, d, J === 4.6 Hz, OH), 
3,90 (1 H, m, H-3), 4.76 (1 H, d, J - 9 Hz, H-6 or H-7), 5.17 (1 
H, d, J = 9 Hz, H-7 or H-B), 5.39 (1 H, s, H-19); IR (CHCig) 3400, 
2955 cm"^ 

(6S)-6,19-Epoxy-l9-ethoKy-9,10-8ecochoi€Sta-5(10),7-rticn- 
S/S-ols (14b and 14b'). In a similar manner, hemiacetai 14a (40 
mg) was converted to acetals 14b (15 mg, 35%) and 14V (22 mg, 
62%) on standing in ethanol. 14b: MS, m/e 444 (M"*"), 398, 285, 
151; m NMR (CDCia) S 0.60 (3 H, s, H-18), 1,26 (3 H, t. J - 7 
Hz. EtO), 3.66 (2 H. m, EtO), 4.03 (1 H, m, H-3), 4.92 (1 H, d, 
J^SHz, H.6 or H-7), 5.33 (1 H, d, J = 8 Hz, H-7 or H-6), 5.60 
(1 H, s, H-19); IR (CHCI3) 3440, 2950 cm-^ I4b': MS, m/e 444 
(M-^), 398, 285, 151; ^H NMR (CDCI3) 6 0.60 (S H, s, H-18), L24 
(3 H t, J = 7 Hz, EtO), 3.68 (2 H, m, EtO), 4.10 (1 H, m, H-3), 

4 74 (1 H, d, J - 8 Hz, H-6 or H-7), 5.59 (1 H, d, J - 8 Hz, H-7 
or H-6), 5.66 (1 H, s, H.19); IR (CHCI3) 3450, 2960 om'\ 

6,i9-Epoxy-9,10-secoeboIe8ta'5,7,10(i9>-trien-3ia-oi <15a), 
(A) From Hemiacetai iSa. A solution of 13a (34 mg, 8.2 X 10 
mmol) in CDCI3 (500 was kept at room temperature for 2 h. 
The solvent was evaporated, and the residue was dsromatographed 
on silica gel (5 g) with ethyl acetate-hexane (1:1) as the eluent 
to yield furan 15a (31 mg, 96%). , 

(B) From Acetals 13b and 13b'. A solution of acetal 13b (2 
mg) in xylene (1 mL) was refiuxed for 1 h. The solvent was 
evaporated, and the residue was purified on TLC (silica gel; ethyl 
acetate-hexane, 15:75) to give 15a (1.8 mg, 94%). 

In a similar manner, i3b' (3 mg) was converted to 15a (2.5 mg, 
quantitative). . 1. 

Heaction of Endoperoxides 3a and 4a with Acetic Anfey- 
dride-Pyridiae. Acetic anhydride (2 mL) was added to a solution 
of 3a (95 mg) in pyridine (2 mL), and the mixture was stirred at 
80 **C for 3 h. The mixture was evaporated to dryness in vacuo. 
The residue was dissolved in ethyl acetate, and the solution was 
washed with brine, dried over Na2S04, and evaporated. Chro- 
matography of the residue on silica gel (5 g) with ethyl acetate- 
hexane (8:92) as the eluent gave 15b (63 mg, 63%). Further elution 
with ethyl acetat^hexane (15:85) afforded 16b (20 mg, 18%). ISbi 
MS m/e 440 (M+), 380; ^H NMR (acetone-dg) ^ 0-62 (3 H, s, H-18), 
1.97 (3 H, s, Ac), 5.05 (1 H, m, H-3), 6.58 (1 H, 8, H-7), 7.18 (1 
H, s, H-19); IR (CHCI3) 2960, 1720 cm-^; UV max (95% EtOH) 
237.5 nm (log e 4.22). 283 (4.29), 295.5 (4.17). 16b. MS, "^/e 500 
(M*). 440. 380, 267; ^H NMR (CDCy 5 0.69 (3 H, s, H-18), 2.08 



Yamada et al 

(6 H, s, Ac), 4.71 (2 H, s, H-19), 5.08 (1 H, m, H-3), 5.92 (1 H, 
s, H'7); IR (CHCI3) 2960, 1725, 1590 cm*"^; UV max (95% EtOH) 
262 nm (log e 4.08). 

In a similar manner, 4a (112 mg) was treated with acetic an- 
hydride-pyridine to afford 15b (83 mg, 70%) and 16b (24 mg, 
18%). 

Reaction of Endoperosides 3a and 4a with Triethyiamine. 
A solution of 3& (50 mg) and triethylamine (50 ^L) in benzene 
(2 mL) was heated at 80 ^'C for 4.5 h. The mixture was evaporated 
to dryness, and the residue was chromatographed on silica gel 
(5 g) to give furan 16a (25 mg, 52%) and hemiacetai I3a (13 mg, 
26%). 

In a similar manner, 4a (50 mg) was treated with triethylamme 
to yield iSa (23 mg, 48%) and 14a (10 mg, 20%). 

Reaction of Endoperozides 3a and 4a with CsF. To a 
solution of 3a (45 mg, 0.11 mmol) in DMF (2 mL) was added CsF 
(16 mg, 0.11 mmol), and the mixture was stirred for 2 h at room 
temperature. The mixture was diluted with ethyl acetate, washed 
vnth water, dried over Na2S04, and evaporated. The residue was 
chromatographed on silica gel (5 g) to give 15a (16 mg, 37%) and 
I3a (12 mg, 27%). 

In a similar manner, 4a (30 mg) was converted to 16a (11 mg, 
38%) and 14a (7 mg, 23%) on treatment with CsF in DMF. 

Reaction of Endoperoxides 3a and 4a with Boron Tri- 
Huopide Etherate, To a solution of 3a (50 mg, 1.2 X 10~^ mmol) 
in benzene (2 mL) was added BFg-etherate (16 fih, 1.3 X 10"^ 
mmoDatO^C. The reaction mixture turned to dark broMm. After 
25 min, ice chips were added, and the mixture was extracted with 
chloroform. The extract was washed with brine, dried over 
Na2S04, and evaporated. The residue w^ chromatographed on 
silica gel (4 g) with benasene-hexane (1:3) as the eluent to give 
17a: 28 mg (84%); MS, m/e 278 (M+), 260, 165; ^H NMR (CDCy 
§ 0.61 (3 H, s, angular Me), 9.99 (1 H, s, CHO); IR (CHCls) 2950, 
1710 cm-^ For the semicarbazone: mp 160-161 *'C; MS, m/e 335 
(M"^), 276; UV max (95% EtOH) 232 nm. Anal. Calcd. for 
C20HS7ON3: C, 71.69; H, 11.12; N, 12.63. Found: 0, 71.83; H» 
ILiS; N, 12,27. 

In a similar manner. 4a (320 mg, 0.77 mmol) was treated with 
BFs-etherate to yield 17a (145 mg, 68%). 

Reaclion of Endoperosides 3a and 4a with ZnCia- A 
mixture of 4a (100 mg, 0.24 mmol) and ZnOh (10 mg, 7.3 X 10"^ 
mmol) in xylene (2 mL) was heated at 100 °C for 5 min. The 
mixture was directly chromat<^phed on silica gel (5 g). Elution 
with ethyl acetate^'hexane (35:65) gave aldehyde 17a (57 mg, 86%). 

In a similar manner, 3a (24 mg, 5.8 X 10"^ mmol) was treated 
with ZnClz to give I7a (13 mg, 81%). 

Isomerization of Aldehyde 17e to 17b. A solution of 17a 
(10 mg) in ethanol (600 fiL) was added to a solution of sodium 
ethoxide (prepared from 20 mg of Na) in ethanol (I mL) at 0 'C, 
and the mixture was stirred at that temperature for 10 min. Ice 
chips were added, and the mixture was extracted with chloroform. 
The extract was washed with water, dried over Na2S04, and 
evaporated. The residue was purified on TLC (silica gel, ethyl 
acetate-hexane 1:9) to give 17b: 9 mg (90%); MS m/e 278 (M+), 
249; ^H NMR (CDCI3) S 0.70 (3 H, s, angular Me), 9.53 (1 H, d, 
J - 3 Hz, CHO); IR (CHCI3) 2950, 1720 cm-^ 

Reaction of Endoperoxides 3a and 4a with Methanoiic 
Aqueous HCI. Concentrated hydrochloric acid (0.4 mL) was 
added to a solution of 3ft (58 mg) in methanol (4 mL) at 0 ^C. 
The reaction mixture turned gradually to dark brown. After 2 
h at 0 ice chips were added, and the mixture was extracted 
with chloroform. The extract was washed with water, dried over 
NagS04, and evaporated. The residue was chromatographed on 
silica gel (6 g) with ethyl acetate-hexane (1:9) as the eluent to 
afford acetal 17c: 17 mg (38%); MS, m/e 324 (M"^), 323, 293, 292, 
278, 261; ^H NMR (CDClg) 5 0.67 (3 H, s, angular Me), 3.38 (3 
H, s, MeO), 3.40 (3 H, s, MeO), 4.06 (1 H, d, acetal proton); IR 
(CHCI3) 2940 cm-\ 

In a similar manner, 4a (74 mg) was treated with methanoiic 
HCI to give acetal 17c (20 mg, 35%). 

Hydrolysis of Acetal 17c. To a solution of 17c (17 mg) in 
acetone (2 mL) was added 18% aqueous hydrochloric acid (0.4 
mL) at 0 **C, and the mixture was stirred at that temperature for 
45 min. After dilution with water, the acetone was evaporated, 
and the aqueous residue was extracted with chloroform. The 
extract was washed with brine, dried over NaaS04, and evaporated. 
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The residue was chromatographed an silica gel (3 g) to give 17b 
(18 mg, quantitative), 

Beaction of Endoperoxide 3a with Cobalt-Tetraphenyl- 
porphine. To a solution of CoTPP (3 mg, 4,5 x 10'^ mmol) in 
CH2CI2 (1 mL) was added a solution of aa (20 mg, 4.8 x yy^ mmol) 
in CHsCl2 (1 mL) at -20 and the mixture was stirred at -20 
to -10 •C for 5 h. Evaporation of the solvent and chromatography 
of the residue on silica gel (5 g) with ethyl acetate-hexane (80:20) 
aa the elucnt afforded 13a (16 mg, 75%). 

Beaction of Endoperoxidea 3a and 4a with Tetrakis(tri- 
phe&ylpho8phine)palladium. A solution of 3a (35 mg, 8.4 X 
10-* mmol) and Pd(Ph3P)4 (ID mg, 8,7 x 10"^ mmol) in benzene 
(1 mL) was refluxed for 15 min. The dark red reaction mixture 
was directly chromatographed on silica gel to afford 15a (16 mg, 
47%) (ethyl acetate-hexane, 20:80) and ISa (5.5 mg, 16%) (ethyl 
acetate-hexane, 70:30). 

In a similar manner, 4a (60 mg) was treated with Pd(PhgP)4 
to give I6a (25 mg, 52%) and 14a (8 mg, 16%). 

<6JK )-940-Secochole8ta-5<10),7-dieiie-3/8,6,l»-tHol (9). 
Beduetion of Endoperoxide 3a with LiA!H4. A solution of 
3a (118 mg, 0.28 mmol) in dry ether (6 mL) was added to a 
suspension of LiAlH^ (22 mg, 0.58 mmol) in ether (2 mL) at 0 
After 1 h at room temperature, the reaction was quenched 
with wet Ka2S04, and the mixture was filtered and washed with 
ethyl acetate-methanol (4:1), The combined filtrate and washings 
were evaporated, and the residue was chromatographed on 



Sephdex LH-20 (10 g) with hexane-chioroform (35:65) as the 
eluent to afford triol 9: 83 mg (70%); MS, mie 418 (M-), 400, 
382, 287, 269, 152, 134; NMR (CDCIg) 5 0.50 (3 H, s, H-18), 
3.88 (1 H, m, H-3), 4.05 (1 H, d, J « 12 Hz, H-IO), 4.25 (1 H, d, 
c/ = 12 Hz, H-19), 5.14 (1 H, d, = 8 Hz, H-6 or H-7), 5,34 (1 H, 
d, J « 8 Hz, H-7 or H-6); IR (CHCI3) 3610, 3410, 2960 ctoTK 
(6S^)-9,10-Secocholesta-6<lO),7-diene-3/&,e49-triol <10). 
Keduction of Endoperoside 4a with LSAIH4. Reduction of 4a 
(45 mg) with LiAlH< was followed the procedure described above 
to give triol 10: 23 mg (51%); MS m/e 418 (M^, 400, 287, 269, 
163. 152, 136, 134; NMR (CDCls) 5 0.57 (3 H, s, H-18), 3.77 
(1 H, d, J « 12 Hz. H-19), 4.10 (1 H, m, H-3), 4.47 (1 H, d, « 
12 Hz, H-19), 5.10 (1 H, d, = 8 Hz, H-6 or H-7), 5.62 (1 H, d, 
J = 8 Hz, H-7 or H-6); IR (CHCls) 3620, 3410, 2956 cm'^ 



Registry No. la, 67-97-0; lb, 50-14-6; 2a, 22350-41-0; 2b, 
61744-66-2; 3a, 73047-69-5; 3b, 70779-98-6; 3c, 70779-97-4; 4a, 
73047-65-1; 4b, 70779-99-6; 4c, 70801-88-6; Sa, 86728-02-1; 6b, 
86728-0S-2; 6a, 86728-04-3; 6b, 86728-05-4; 7a, 86728-06-5; 8a, 
86728-07-6; 9a, 86832-43-1; 10a, 74532-19-7; 13a C(19)-(i2), 
86728-08-7; 13a C(19)-(S), 86728-09-8; 13b C(19)-(/?), 86832-44-2; 
13b C(19)-(S), 86832-46-3; 14a, 86782^90-3; 14b C(19)-(/?), 
86832-46-4; Uh C(19)-(S), 86832-47-5; 15a, 74546-09-1; 15b, 
86728-10-1; 16b, 86728-11-2; 17a, 86728-12-3; 17a semicarbazone, 
86728-13-4; 17b, 86728-14-5; 17c, 86728-16-6. 
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(BE)' and (6^-vitamin Dg 19-alkanoie acids 7 and 8 have been synthesized by a new naethod starting with 
vitamin D3. In this synthesis, sulfur dioxide was utilized innovativeiy to protect the s-cis diene part of vitamin 
T> and at the same time to activate the terminal position (C-19) of the diene group for an electrophilic substitution 
reaction. The two C-6 epimers of the vitamin Ds-sulfur dioxide adducts 2 and S were isolated in pure form, 
and the structure was determined unambiguomly on the basis of X-ray analysis. The reaction of pure adducts 
2b and 3b with tert-hntyl i«h-iodoalkanoate 4 proceeded with complete regio- and stereoselectivity to afford 
19-alkanoic acid derivatives 5 and 6 in which the substituent at C-19 is located trans to that at C-6, Thennolyiic 
desulfonylation of the 19-substituted adducts 5 and S in the presence of NaHCO^ afforded (&B)-vitainin D3 
19-alkanoie add derivatives 7 with high selectivity (ca, 93%), contrary to orbital symmetry rules. The (5E)-vitamin 
D derivatives 7 were converted to the corresponding (5;^)-vitamin D derivatives 8 in high selectivity (ca. 96%) 
by photosensitized isomerization* 



Extensive studies on the metabolism of vitamin D3 have 
lead to the discovery of more than 20 metabolites.^ For 
clinical studies of the production of the biologically im- 
portant metabolites, such as la,25-dihydroxyvitamin D3, 
24(i?),25-dihydroxyvitamin D3, etc., establishment of a 
sensitive, convenient, and selective anal5rtical method has 
been needed. Radioimmunoassay has been highly suc- 
cessful for the measurement of steroid hormones. For use 
as an immunogen, a vitamin D molecule must be converted 
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H. K.; DeLuca, K. F. Ibid, 1981, 20, 7388. (e) Ohmnna, N.; Kruae, J. R.; 
Popjak, G.J Norman, A. W. J^ Biol. Chem. ia82, 267, 5097. (f) Ohnuma, 
N.; Nortnan, A. W, Ibid. 1982, 257, 8261. (g) Yamada, S.; Ohmori, M.; 
Takayama, R; Takasaki, Y.; Suda, T, Ibid. 1083, 268, 457. 



to a derivative appropriate for combining with a protein. 
Recently, we have developed a new regioselective method 
of alkylating vitamin D at the 6- and 19-positions via its 
sulfur dioxide adducts 2 and 3.^ In this method sulfur 
dioxide is used to protect the s-cis diene part of vitamin 
D, as well as to activate the terminal position of the diene 
group for electrophilic substitution reaction imder basic 
conditions. We planned to apply the alkyiation method 
to the synthesis of vitamin Dg 19-alkanoic acid derivatives 
7 and 8. The compounds S and 7 as components of a 
hapten are siaitable derivatives for inducing antibodies for 
the radioimmunoassay of vitamin D and its la- 
hydroxylated derivatives, respectively. Because the bio- 
logically essential hydrojcjrl group remains uitact^ in 7 and 



(2) Yamada, S.; Suzuki, T.; Tak^ama, H. Tetrahedron Lett, 1981. 22, 
3085. 
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